Glial cells are central components of all neurogenic niches in the embryonic as well as in the adult central nervous system. While neural stem cells (NSCs) themselves exhibit glial features the behavior of NSCs is also strongly influenced by niche glial cells. Recently, studies have begun to uncover a large variety of glial cell-extrinsic as well as intrinsic factors that play crucial roles in the control of NSCs and the regulation of the cellular output from the neurogenic niches. In this review, we focus on mechanisms underlying the formation of adult NSCs by embryonic radial glia cells, discuss the influence of niche glia cells on adult NSCs and examine how the neurogenic potential of glial cells is controlled.
Introduction
During development, radial glia cells (RGCs) are the primary neural stem cells (NSCs) generating all neurons as well as the macroglial cells, astrocytes, oligodendrocytes and ependymal cells present in the central nervous system (CNS) [1] . In the embryo, neurogenic RGCs are present throughout the developing CNS. In the adult mammalian brain, however, neurogenic NSCs are restricted to only a few very confined regions, mainly the subependymal zone (SEZ) in the lateral wall of the lateral ventricle, the subgranular zone (SGZ) in the dentate gyrus of the hippocampus and the third ventricle in the hypothalamus [2] (Figure 1 ). Adult NSCs located in these specific niches retain RGC hallmarks, such as a radial morphology and gene expression profiles similar to their embryonic counterparts, including many transcripts shared with bona fide astrocytes [3] [4] [5] [6] [7] [8] . Importantly, glial cells without stem cell features are an integral part of adult neurogenic niches, such as niche astrocytes, ependymal cells, oligodendrocyte progenitors and microglial cells. This raises the fundamental question of how the neurogenic potential of glial cells with NSC hallmarks is controlled and how niche glial cells contribute to the control of NSC features. Cell intrinsic mechanisms acting amazingly early in embryonic development regulate processes to set aside some RGCs that later function as adult NSCs. In this review, the control mechanisms orchestrating the transition from embryonic RGCs to adult NSCs will be discussed first, followed by how extrinsic factors from niche glial cells influence adult neurogenesis. To conclude, we review recent findings on how the neurogenic potential of niche glial cells is controlled.
Intrinsic control of adult NSC formation
Embryonic RGCs not only give rise to neurons and glia but are also the source for adult NSCs in the SEZ [9] . These adult NSCs then provide a continuous supply of specific neuronal subtypes throughout adult life. Surprisingly, in vivo clonal lineage tracing of adult SEZ NSCs revealed that these cells exhibit only limited self-renewal capacity and fast exhaustion of the once activated stem cell when traced at the single cell level [10] . Very similar cellular mechanisms have also been described for the NSCs in the SGZ [11] suggesting that this is a more general mechanism and not specific to a particular neurogenic niche. Thus, it is of ample importance to determine the mechanisms orchestrating adult NSC establishment and abundance.
Retroviral lineage tracing used to investigate the lineage relationships between embryonic telencephalic RGCs and the adult NSCs in the SEZ revealed that the adult NSCs in the SEZ share a common lineage with embryonic RGCs only during early stages of neural development but surprisingly loose this lineage relationship at embryonic day (E)15 and later [12 ] . Unexpectedly, the RGCs destined to become adult NSCs strongly reduce proliferation after this split of the lineages already at embryonic stages [12 ,13 ] and start to express the negative cell cycle regulator p57 kip2 driving them to quiescence [13 ] (Figure 2) . Interestingly, factors such as Insc or Lgn, which regulate the orientation of embryonic RGC cell division, control the number of cells expressing p57 kip2 and thereby regulate adult NSC seeding during embryonic development [14 ] (Figure 2 ). Only in the restricted developmental time window when future adult NSCs are entering quiescence, not before 
